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© Semiconductor integrated circuit having a plurality of oscillation circuits. 
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@ A semiconductor integrated circuit, in particular 
a microcomputer, comprises a clock generating cir- 
cuit (CPG). The operation of the clock generating 
circuit (CPG) is once stopped when the oscillation 
output signals are to be selectively transmitted to the 
clock generating circuit via a multiplexer (MPX), the 
oscillation output signals being generated by a first 
oscillation circuit (OSCi) which performs the oscilla- 
tion operation at a relatively high frequency and by a 
second oscillation circuit (OSC2) which steadily per- 
forms the oscillation operation at a relatively low 
frequency. Further, the clock generating operation is 
started in synchronism with the switched oscillation 
output. 
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SEMICONDUCTOR INTEGRATED CIRCUIT HAVING A PLURALITY OF OSCILLATION CIRCUITS 



- The present invention relates to a semiconduc- 
tor integrated circuit device^ and more specifically 
to technology that can be effectively utilized for a 
semiconductor integrated circuit, device such as a 
one-chip microcomputer having, for example, a 
time-keeping function. 

In an electronic desk-top calculator constituted 
by a microcomputer and semiconductor integration 
circuits, provision is made of an oscillation circuit 
using an oscillator such as quartz oscillator to pro- 
duce clock signals (hereinafter simply referred to 
as system clocks) for operating the system. When 
such a data processing system is intermittently 
operated, the original oscillation is stopped and 
operations of the microprocessor and memory are 
temporarily stopped in order to reduce the con- 
sumption of electric power. For this purpose, a halt 
function is provided to stop the system clock upon 
receipt of a control signal from an externa! unit or 
an instruction from the microprocessor. 

In the semiconductor integrated circuit device 
such as a microcomputer having timekeeping func- 
tion, however, the timekeeping function cannot be 
stopped if the oscillation circuit is commonly uti- 
lized for keeping the time and for the original 
oscillation; i.e.. it is not allowed to add the holding 
function. Therefore, there has been proposed a 
microcomputer mounting a quartz oscillation circuit 
of 32.768 KHz for timekeeping and a cheaply con- 
structed CR oscillation circuit or an oscillation cir- 
cuit using a ceramic oscillator for the original os- 
cillation (about 4 MHz). The microcomputer 
equipped with such two oscillation circuits has 
been described, for example, in "Hitachi 4-Bit 1- 
Chip Microcomputer System. HMOS 40 Series, 
LCD-Ill, User's Manual", third edition. No. 4, 
Hitachi, Ltd., June, 1984, pp. 4 and 24-25. 

In the microcomputer, when the original oscilla- 
tion operation of the above-mentioned high fre- 
quency is stopped under the holding condition, the 
oscillation circuit on the side of the original oscilla- 
tion must be energized at least after every second 
to supply a system clock to the microprocessor in 
order to realize the timekeeping function. It was 
therefore found by the present inventors that a 
stabilization waiting time becomes relatively long 
before the oscillation is resumed, and unstable 
oscillation operation of a high frequency takes 
place during that moment consuming large 
amounts of electric power. 

It was further studied by the present inventors 
to form system clocks of a low frequency by 
switching into an oscillation output of the oscillation 
circuit for timekeeping during the halting operation 



(subactive). In this case, it was found by the 
present inventors that frequencies of basic clock 
pulses for timekeeping and of basic clock pulses 
for the system do not establish a ratio of an integer 

5 number such as about 32 KHz and about 4 MHz; 
i.e.» oscillation operations are performed out of syn- 
chronism. Therefore, synchronism is not main- 
tained when the two clocks are to be switched 
(active/subactive). and extremely narrow pulses SP 

10 and undesirably wide pulses WP are formed as 
system clocks as shown in Fig. 6. As a result, the 
system may undergo erroneous operation when the 
clocks are to be switched. 

15 

SUMMARY OF THE INVENTION 

The object of the present invention is to pro- 
vide a semiconductor integrated circuit device 

20 which is designed to operate stably consuming 
reduced amounts of electric power. 

The above and other objects as well as novel 
features of the present invention will become ob- 
vious from the description of the specification and 

25 the accompanying drawings. 

Among the inventions disclosed in the present 
application, a representative example will now be 
described briefly. That is, when oscillation output 
signals are selectively transmitted to a clock gen- 

30 erating circuit via a multiplexer, the oscillation out- 
put signals being generated by a first oscillation 
circuit whose oscillation operation of a relatively 
high frequency is controlled by predetermined con- 
trol signals and by a second oscillation circuit 

35 which steadily performs the osciiiation operation of 
a relatively low frequency, the clock-generating op- 
eration is started in synchronism with the osciiiation 
output that is switched via a mode which once 
stops the operation of the clock generating circuit. 

40 For example, there are provided a clock 

switching circuit, a flag which designates which 
clock be used by the clock switching circuit, and a 
flag which indicates whether the clock selected by 
the clock switching circuit be supplied to the sys- 

45 tern or not, and wherein the flags are set according 
to an interrupt signal or a program instruction, a 
mode which once shuts off all clocks (hereinafter 
referred to as stop mode or watch mode) is nec- 
essarily passed through when an ordinary opera- 

50 tion mode (hereinafter referred to as standard op- 
eration mode or active mode) is to be transferred 
to a mode of low power consumption (hereinafter 
referred to as low-power-consumption mode or 
subactive mode) or vice versa, and the clocks are 
switched during this moment. 
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According to the a^pi-mentioned means, op- 
eration of the oscillation circuit which perfornns 
oscillation operation at a relatively high frequency 
is stopped as required and when the clock fre- 
quency is to be switched, the clock-generating 
operation is resunned in synchronism with an os- 
cillation frequency that is switched after the opera- 
tion of the clock generating circuit is once stopped. 
When the clock pulses having dissimilar frequen- 
cies are to be switched, therefore, undesired hair- 
like clock pulses are not produced and the opera- 
tion is carried out stably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an embodiment 
in which the present invention is adapted to a 
single-chip microcomputer; 

Fig. 2 is a diagram explaining the condition 
of mode transition in a microcomputer to which the 
present invention is adapted; 

Fig. 3 is a block diagram of another embodi- 
ment in which the present invention is adapted to 
the single-chip microcomputer; 

Fig. 4 is a diagram of waveforms for explain- 
ing the operation; 

Fig, 5 is a diagram of status transition for 
explaining an example of the operation: and 

Fig. 6 is a diagram of waveforms for explain- 
ing the operation for switching the clock pulses that 
can be taken into consideration prior to the present 
invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An embodiment in which the invention is adapt- 
ed to a single-chip microcomputer will now be 
described in conjunction with Figs. 1 and 2. 

Though there is no particular iinnitation, the 
circuit blocks surrounded by a chain line A are 
formed on a single semiconductor chip such as a 
single crystalline silicon substrate. 

The singie-chip microcomputer according to 
this embodiment is equipped with two oscillation 
circuits consisting of an oscillation circuit OSCi for 
generating system clocks and an oscillation circuit 
OSC2 for generating timekeeping clocks. The os- 
cillation circuit OSCt is provided with a ceramic 
oscillator la which is located on the external side 
and the oscillation circuit OSC2 is provided with a 
quartz oscillator 1b which is located on the external 
side. 

Original oscillation signals oosc which consti- 
tute system clocks of 4 MHz generated by the 
oscillation circuit OSC1 and original oscillation sig- 



nals *cL^Pch constitute timekeeping clocks of 
32.768 KHz generated by the oscillation circuit 
OSCa are supplied to a multiplexer MPX where 
clocks of either side are selected depending upon 
5 the set condition of a flag FLGi that designates 
clocks and are supplied to a clock pulSQ generating 
circuit CPG. 

The clock pulse generating circuit CPG divides 
the frequency of oscillation signals <^>osc or <^>cl 

10 supplied thereto via the multiplexer MPX or pro- 
cesses them to form several kinds of internal 

clocks <>i, 4>2n ^3, having suitable frequencies 

and different phases. The internal clocks <^>i. <t»2. 
4>3 are supplied to a control block CONT which 

75 consists of a ROM that stores programs, a program 
counter that successively reads instructions from 
the program ROM, and an instruction decoder that 
decodes the instruction codes that are read out to 
form control signals for the circuits in the micro- 

20 computer, and are further supplied to an execution 
block EXEC which consists of various registers. 
ALU (arithmetic logic unit) and RAM that serves as 
a work area. The program counter in the control 
block CONT and the execution block EXEC are 

25 connected to an input/output port 1/0 via a bus 
BUS. 

In this embodiment, there are provided a stop 
flag FLG2 that can be set by a suitable instruction 
called stop instruction, and a status signal that 

30 indicates the content of the stop flag FLG2 is 
supplied to the clock pulse generating circuit CPG 
to control the gate that is provided at the inlet 
thereof. Concretely speaking, when "1" is set to 
the flag FLG2 due to the stop instruction, the os- 

35 ciliation circuit OSCi for generating system clocks 
ceases to oscillate, and a mode (hereinafter re- 
ferred to as stop mode or watch mode) is estab- 
lished in which no clock is supplied from the mul- 
tiplexer MPX to the clock pulse generating circuit 

40 CPG and none of the internal clocks (t>^, <t>2, <t>3 

are generated. Therefore, the system is under the 
stop condition in which it does not operate at all. 

To get out of the stop mode, on the other 
hand, there is provided a timer interrupt circuit TIC 

45 which generates a timer interrupt singal INT1 based 
on a signal from a frequency-dividing circuit DVD 
that divides the frequency of original oscillation 
signals <i>cL that constitute timekeeping clocks. The 
interrupt signal INTi from the timer interrupt circuit 

50 TIC is supplied to the stop flag FLG2 to clear it to 
'*0", and is also supplied to the flag FLGi to set it. 
After the flag FLGi set the multiplexer MPX which 
receives the status signal supplies to the clock 
pulse generating circuit CPG the original oscillation 

55 signal <^^cl of timekeeping clock instead of the origi- 
nal oscillation signal <i>osc of system clock. There- 
fore, the system is operated by the clocks of a low 
frequency formed based on the signals <i>cL and 
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assumes the low-power-consumption mode 
(subactive mode) for carrying out the operation 
such as addition and the like for timekeeping func- 
tion. 

In this embodiment, furthermore, an external 
interrupt control circuit EIC is provided to receive 
an interrupt signal INT2 from the external unit. 
When an external interrupt signal INT2 is input in 
the stop mode (watch mode), the oxcillation circuit 
OSC- starts the oscillation, and the stop flags FLG2 
and FLGi are cleared. When the flag FLGi is 
cleared, the multiplexer MPX supplies original os- 
cillation signals <#>osc of system clocks to the clock 
pulse generating circuit CPG. Therefore, the sys- 
tem assumes the standard operation mode (active 
mode) in which it is operated at high speeds by the 
clocks of a high frequency formed by the clock 
pulse generating circuit CPG. 

Fig. 2 shows the transition condition of mode 
according to the above embodiment. 

According to the above embodiment as will be 
obvious from Fig. 2. the stop instruction is ex- 
ecuted at the final stage of execution of an ordinary 
system program or at the final stage of a program 
for the timekeeping operation in the low-power- 
consumption mode, so that the system is trans- 
ferred to the stop mode (watch mode) in which the 
system clocks are all extinguished. Thereafter, the 
system gets out of the stop mode (watch mode) In 
response to the interrupt and assumes the low- 
power-consumption mode (subactive mode) or the 
standard operation mode (active mode) depending 
upon the content of the flag FLQi . 

Therefore, when the system is transferred from 
the standard operation mode to the low-power- 
consumption mode or vice versa, the clocks are 
not suddenly changed from Oosc to <^>cl or from <#>cl 
to <i>osc- Therefore, extremely short clock pulses 
are not formed and the system is not erroneously 
operated. 

in the above-mentioned embodiment, the stop 
mode is transferred again to the low-power-con- 
sumpti'on mode in case the timer interrupt INTi is 
input prior to the input of interrupt signal INTa from 
the external unit during the stop mode that has 
transferred from the iow-power-consumption mode. 

In the clock switching circuit of the above em- 
bodiment, furthermore, the flag FLGi is connected 
to the internal buses WB. RB to set the content of 
the flag FLGi depending upon the instruction. In 
executing the stop instruction, therefore, the con- 
tent of the flag FLGi IS arbitrarily set in advance, 
and the system is transferred to a desired mode of 
either a first mode such as the standard operation 
mode or a second mode such as the low-power- 
consumption mode when the next interrupt signal 
has entered. In the above-mentioned embodiment, 
operation of the oscillation circuit OSC' on the 



system clock side is stopped during the stop mode 
and the low-power-consumption mode. It is, how- 
ever, also allowable to transfer the system from the 
standard operation mode to the low-power-con- 

5 sumption mode or vice versa by controfllng the 
switching of clocks and the interrupt and supply of 
clocks while the oscillation circuit is in operation. 

In the above-mentioned embodiment, further- 
more, the flags FLGi and FLG2 may be indepen- 

70 dentiy constituted by themselves, or a bit in the 
control register or any bit in the RAM may be 
allotted thereto. 

According to the above-mentioned embodiment 
as described above, the microcomputer that in- 

75 eludes two oscillation circuits of dissimilar oscilla- 
tion frequencies is provided with a clock switching 
circuit, a flag that designates which clocks be used 
based on the clock switching circuit, and a flag 
which indicates whether the clocks selected by the 

20 clock switching circuit be supplied to the system or 
not and the flags are set depending on the inter- 
rupt signal or the program instruction. When the 
system is transferred from the ordinary operation 
mode to the low-power-consumption mode or vice 

25 versa, the stop mode (watch mode) is passed 
through to shut off all clocks, and the clocks are 
switched during this moment. Therefore, all of the 
clocks are once extinguished at the time of switch- 
ing the clocks, and synchronism is maintained 

30 among the clocks. Hence, the system does not 
operate erroneously and is transferred from the 
standard operation mode (active mode) to the low- 
power-consumption mode (subactive mode) or vice 
versa. Accordingly, clocks are switched without ad- 

35 versely affecting the operation of the system, and 
the low-power-consumption mode is realized. 

tn the foregoing was concretely described the 
invention accomplished by the present inventors by 
way of an embodiment. The present Invention. 

40 however, is in no way limited to the above-men- 
tioned embodiment only but can be modified in a 
variety of other ways without departing from the 
spirit and scope of the invention. Though the above 
embodiment has dealt with the microcomputer pro- 

45 vided with two oscillation circuits for generating the 
clocks, the invention can also be adapted to the 
one that generates three or more kinds of clocks. 
According to the present invention, furthermore, the 
mode is controlled using two flags, i.e., a stop flag 

50 that is set by the stop instruction and that indicates 
the stop condition of all clocks and a clock des- 
ignation flag which indicates the kind of clocks to 
be supplied after the clock stop condition is re- 
leased, i.e., which indicates the direction of mode 

55 to which the system will transfer after the clock 
stop condition is released. In a system in which the 
two operation modes are alternatingly repeated, 
however, the flag for designating the clocks may 
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be eliminated, and th^^ultiplexer MPX may be 

switched based on the stop instruction or the inter- 
rupt. 

Fig. 3 is a block diagram of another embodi- 
ment of the case when the present invention is 
adapted to a single-chip microcomputer, wherein 
the circuit blocks surrounded by a broken line are 
formed on a semiconductor substrate such as of 
single crystalline silicon by the widely known tech- 
nology for fabricating the semiconductor integrated 
circuits, though there is no particular limitation. 

The microcomputer according to this embodi- 
ment is provided with a first oscillation circuit 
(original oscillation circuit) 'OSCI for generating 
system clocks and a second oscillation circuit 
0SC2 for producing reference time pulses for 
timekeeping. The first oscillation circuit 0SC1 is 
provided with, for example, a ceramic oscillator XI 
on the outside to oscillate at a frequency which is 
as relatively high as about 4 MHz. To reduce the 
consumption of electric power, oscillation operation 
of the oscillation circuit OSCI is controlled by 
control signals C3 that will be described later. The 
second oscillation circuit 0SC2 is provided with a 
quartz oscillator X2 to oscillate at a frequency 
which is as relatively low as 32.768 KHz. The 
oscillation circuit 0SC2 is provided for performing 
the timekeeping operation and performs oscillation 
operation steadily. 

The output signals of the oscillation circuits 
0SC1 and 0SC2 are converted into basic clock 
pulses CK1 and CK2 through frequency-dividing 
circuit DiV1 and DiV2 that also work to shape 
waveforms. The basic clock pulses CKl and CK2 
are supplied to the clock pulse generating circuit 
CPG via the multiplexer MPX which is switched by 
the control circuit CONT. The multiplexer MPX 
selectively transmits the basic clock pulses CKl or 
CK2 to the clock pulse generating circuit CPG 
depending upon the operation mode that witt be 
described later. 

The clock pulse generating circuit CPG divides 
the frequency of the basic clock pulses CKl or 
CK2 that are input via the multiplexer MPX or 
processes them to form a plurality of system 
clocks <i>1 to 03, etc. having different phases. 

The system clocks <> to ^3. etc. are supplied to 
a control block which consists of a ROM (read-only 
memory) that stores programs, a program counter 
that successively reads instructions from the pro- 
gram ROM, and an instruction decoder that de- 
codes the instruction codes that are read out to 
form control signals for the circuits in the micro- 
computer, and are supplied to an execution block 
which consists of various registers. ALU (arithmetic 
logic operation unit) and RAM (random access 
memory) that serves as a work area. 

A microcomputer CPU is constituted by the 



above-mel^Pned control block and the execution 
block. The program counter in the control block 
and the execution block are connected via buses 
BUS to an input/output port I/O, a timer circuit TM, 
5 and various control flags. The internal buses BUS 
are made up of address bus, data bus and control 
bus. 

The clock pulse generating circuit CPG of this 
embodiment does not steadily form the above- 

70 mentioned system clocks <*>1 to <^3, etc. in re- 
sponse to the basic clock pulses OKI or CK2 input 
through the multiplexer, and is controlled for its 
operation by the control signals 02 . In order that 
the system clocks 4> to <#»3. etc. are generated in 

75 synchronism with the switched basic clock pulses 
CK1 or CK2, the control signals 02 formed by the 
controller CONT are passed through the synchro- 
nizing circuit SYNC to maintain synchronism with 
the basic clock pulses OKI or CK2. 

20 The basic clock pulses CK2 for timekeeping 

are supplied to the timekeeping circuit TM which 
divides the frequency of the basic clock pulses 
CK2 to form time pulses such as 1 -second pulses 
1S. The time pulses IS are supplied to an interrupt 

25 flag INTF to serve as a factor of interrupt The 
interrupt processing by the time pulse IS des- 
ignates timekeeping operation for the control block 
in the CPU. For example, if there develops interrupt 
due to the time pulse IS. the control block in the 

30 CPU reads the data of seconds stored in the RAM 
that serves as a work area, adds + 1 thereto, and 
writes it onto the RAM as new data of a unit of a 
second. In this case, if there is a carry. + 1 is 
added to the data of minute in the same manner as 

35 described above. Likewise, if there is a carry, the 
data of hour, the data of day or the data of week is 
increased. As described above, the time-keeping 
operation is realized by fundamentally effecting the 
interrupt after every second to increase the data of 

40 second, and by adding + 1 to other data depending 
upon the presence or absence of carry. 

It is also allowable to carry out the timekeeping 
operation in shorter than one second by inputting 
suitable offset data from the internal buses BUS to 

45 the timekeeping circuit TM and generating the time 
pulse IS at a period of shorter than 1 second. 

According to this embodiment, there is pro- 
vided a flag REG that can be set by a suitable 
instruction called stop instruction STOP, and a sta- 

50 tus signal LPM (low power mode) that represents 
the content of the stop flag REG is supplied to the 
control circuit CONT. The signal LPM consists of 
two bits, i.e., a stop STP and a stand-by signal 
SBY to produce three statuses consisting of the 

55 aforementioned active mode, a watch mode and a 
subactive mode that will be described later. 

In the active mode, the flag REG is cleared as 
shown in the waveform diagram of Fig, 4 and in the 



5 
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status transition diagrams of Fig. 5. In response to 
the low level of signals STP and SBY. the control 
circuit CONT places the oscillation circuit OSC1 
under the oscillating condition upon receipt of con- 
trol signal C3, and switches the nnultiplexer MPX to 
the side of the basic clock pulses CK1 . The clock 
pulse generating circuit CPG therefore generates 
system clocks <t>cpu {<t>^ to <^>3, etc) of a high 
frequency fcyc corresponding to the basic clock 
pulses CK1 . 

In such an active mode, if the stop instruction 
STOP is executed and the signals STP and SBY 
are set to the high level relative to the stop flag 
REG, the control circuit CONT designates opera- 
tion for transferring the system from the active 
mode to the watch mode depending upon the high 
level (logic "1"). That is, in the watch mode, the 
oscillation circuit 0SC1 stops the oscillation opera- 
tion and the clock pulse generating circuit CPG 
stops its operation, too. Therefore, the system 
clocks ocpu to <^>3, etc.) are not supplied to the 
GPU. In the watch mode, there are produced nei- 
ther the system clocks ^cpu nor the clock pulses 
opER for peripheral circuits. However, the clock 
pulses 4>ciK that serve as time bases for maintain- 
ing the timekeeping function have a low frequency 
fsuB based on the basic clock pulses CK2. 

A flag LSON designates the low-speed-on con- 
dition and means that it is on the upper status in 
the transition diagram of Fig. 5 when it has the 
fogic "0". and means that it is on the lower status 
when it has the logic "1". As will be described 
later, this is used as an indication when the system 
is transferred from the watch mode to other active 
mode or subactive mode. For example, when the 
timekeeping function only is to be carried out, the 
flag LSON is set to the logic "1" prior to executing 
the stop instruction STOP. 

In the watch mode as described above, the 
oscillation circuit 0SC2 for timekeeping is under 
the oscillating condition, and the timekeeping cir- 
cuit TM only is in operation in response thereto. 
Therefore, other circuits assume the mode in which 
the current is not logically consumed. 

In this embodiment, when the timekeeping 
function only is to be carried out by setting the 
iogic "1" to the flag LSON, the interrupt flag tNTF 
makes access to the control circuit CONT when a 
1 -second pulse IS is produced from the timekeep- 
ing circuit TM and designates the change of mode 
into the subactive mode. In response thereto, the 
control circuit CONT switches the multiplexer MPX 
to the basic clock pulses CK2. The synchronizing 
circuit SYNC generates control signals C2 in syn- 
chronism with the switched basic clock pulses 
CK2, so that the clock pulse generating circuit CPG 
resumes its operation. Therefore, the clock pulse 
generating circuit CPG generates system clocks 



<>cpu (<t>^ to <#>3. etc.) for the CPU of a low fre- 
quency fsuB based on the basic clock pulses CK2 
for timekeeping. Concretely speaking, in resuming 
the operation of the clock pulse generating circuit 

5 CPG. the control signals C2' for controlling the 
iogic gate that transmits the basic clock pulses 
CK2 to the input of the clock pulse generating 
circuit CPG, are generated by the synchronizing 
circuit SYNC in synchronism with the clock pulses 

70 CK2. Therefore, narrow pulses or wide pulses are 
not generated in the system clocks <pcpu {<t>^ to <t>3. 
etc.) that are formed by the clock pulse generating 
circuit CPG. 

The interrupt flag INTF, on the other hand. 

75 actuates the control block of the microprocessor 
CPU and adds +1 to carry out the timekeeping 
operation as described above. The system returns 
again to the watch mode by the execution of the 
stop instruction STOP that is inserted in the inter- 

20 rupt processing program at the final stage of the 
timekeeping operation. 

As described above, the system clocks ^cpu 
are formed by utilizing basic clock pulses CK2 that 
are formed by the oscillation circuit 0SC2 for 

25 timekeeping while the timekeeping operation is be- 
ing carried out, and the oscillation circuit 0SC1 of 
a high frequency is not at all operated to add + 1 
using the microprocessor CPU maintaining a rela- 
tively short time interval such as one second as 

30 described above. Therefore, the current is not 
wastefully consumed from the start of oscillation 
until the oscillation is stabilized. 

There exist three statuses as described below 
when the system returns to the active mode. 

35 One of them will now be described. When the 

system is in the watch mode under the condition 
where the flag LSON is set to the logic "V*. the 
interrupt flag INTF is started from the external 
interrupt terminal INT and the system is once 

40 transferred to the subactive mode in a manner as 
described above. The interrupt flag INTF informs 
the execution block of the microprocessor CPU of 
the fact that the interrupt is due to an external 
factor, clears the flag LSON to the logic "0" by the 

45 interrupt processing so that the interrupt process- 
ing In the first stage is finished. Owing to the 
execution of the stop instruction STOP when the 
interrupt processing is finished, the system trans- 
fers to the watch mode (LSON = "0") on the 

50 upper side in the status transition diagram of Fig. 
5. The interrupt flag INTF is staned again from the 
external interrupt terminal INT, so that the active 
mode is assumed. In this case, the control circuit 
CONT generates control signals C3 so that the 

55 oscillation circuit OSCi starts to oscillate, and the 
multiplexer MPX is switched to the side of the 
basic clock pulses CK1 . After the oscillation of the 
oscillation circuit 0SC1 is stabilized, the clock 



BNSDOCID: <EP 031 6943A2_I_> 



11 



EP0 316 943 A2 



12 



pulse generating circuii^^G resunnes the opera- 
tion in synchronism with the basic clock pulses 
CK1 . Therefore, the oscillation circuit 0SC1 under- 
goes the oscillation, and the system clocks <^>cpu - 
(<t>^ to <t>3, etc.) supplied to the CPU and the clock 
pulses <^>PER for peripheral circuits have a high 
frequency fcyc according to the basic clock pulses 
CK1. 

As described above, with the flag DTON being 
set to the logic "1 " instead of applying the external 
Interrupt two times, the watch mode (LSON = "1") 
is automatically changed in the system to the 
watch mode (LSON = "0") through the subactive 
mode by the external interrupt of one time, and is 
returned to the active mode. In other words, when 
the flag DTON is set to the logic "1", the control 
circuit CONT automatically executes the operation 
for switching the clocks as described above. 

The remaining one stands for the case when 
the flag LSON is set to the logic "0" while the 
system is transferred from the active mode to the 
watch mode. In this case, the system is transferred 
to the active mode in response to one interrupt. 
This interrupt includes the interrupt by the timer 
circuit TM for the timekeeping operation. Attention, 
therefore, should be given to that switching from 
the watch mode to the active mode involves opera- 
tion for starting the oscillation circuit 0SC1 in a 
traditional manner. 

Further, a variety of flags for designating the 
operations of the control circuit CONT that switches 
the clocks in the above embodiment are connected 
to the internal buses BUS, such that the content of 
the flag is set depending upon the instructions. 
Therefore, by arbitrarily setting the content (LSON) 
of the flag in advance at the time of executing the 
stop instruction, the system can be transferred, 
when a next interrupt signal is input, to a desired 
mode of either the active mode such as the stan- 
dard operation mode or the subactive mode which 
carries out the timekeeping operation only. With 
the flag DTON being set, furthermore, the watch 
mode can be automatically returned to the active 
mode by one time of external interrupt as de- 
scribed earlier. 

The functions and effects obtained from the 
above-mentioned embodiment of Fig. 3 are de- 
scribed below. 

(1) Oscillation output signals are selectively 
transmitted to a clock generating circuit via a mul- 
tiplexer, the oscillation output signals being gen- 
erated by the first oscillation circuit whose oscilla- 
tion operation of a relatively high frequency is 
controlled according to predetermined control sig- 
nals and by the second oscillation circuit which 
steadily carries out the oscillation operation at a 
relatively low frequency. Furthermore, the clock 
generating operation is started in synchronism with 



the osciilaVr outputs that are switched via an 
operation mode which once stops the operation of 
the clock generating -circuit. In this constitution, 
oscillation operation at a relatively high frequency 

5 of the oscillation circuit is stopped as required, and 
operation of the clock generating circuit Is once 
stopped when the clock frequency is to be 
changed and, then, the clock generating operation 
is resumed In synchronism with the oscillation fre- 

10 quency that is changed. When the clock pulses 
having dissimilar frequencies are to be switched, 
therefore, undesired hair-like clock pulses are not 
produced, and the operation is stably carried out. 
(2) The second oscillation circuit is used as 

75 an oscillation circuit for timekeeping, and system 
clocks are formed by the oscillation pulses for 
timekeeping in the low-power-consumption mode in 
which the first oscillation circuit is not in operation, 
such that the CPU carries out the timekeeping 

20 operation. Therefore, there is no need of starting 
the first oscillation circuit that is set to operate at a 
relatively high frequency maintaining a short inter- 
val of. for example, at least one second. This 
makes it possible to reduce the consumption of 

25 electric current that would be consumed in rela- 
tively large amounts by the first oscillation circuit 
from the start of the first oscillation circuit until the 
oscillation is stabilized. Therefore, the operation is 
stabilized and the consumption of electric power is 

30 reduced. 

In the foregoing was concretely described the 
invention accomplished by the present inventors by 
way of embodiments. The present invention, how- 

35 ever, is in no way limited to the above-mentioned 
embodiments only but can be modified in a variety 
of other ways without departing from the spirit and 
scope of the invention. For example, operation of 
the oscillation circuit OSCi on the side of the 

40 system clocks is stopped during the watch mode 
and the subactive mode. However, it is also allowa- 
ble to stay in the low-power-consumption mode in 
which the oscillation circuit OSCI is in operation 
but the clock generating circuit CPG is not in 

45 operation when the flag LSON has the logic "0" or 
even in the watch mode by providing other flags. 
Since there is no time for waiting for the start of the 
oscillation circuit 0SC1 . the watch mode can be 
switched to the active mode at a high speed. The 

50 flags in the aforementioned embodiments may be 
constituted independently by the flip-flop circuits, 
or a bit in the control register or a given bit in the 
RAM may be allotted thereto. 

The synchronizing circuit resumes the opera- 

55 tion in synchronism with the basic clock pulses 
CK1 or CK2 obtained by switching the clock pulse 
generating circuit CPG. and generates the gate 
control signals that will be input to the clock pulse 
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generating circuit CPG in synchronism with the 
above-mentioned switched basic clock pulses CK1 
or CK2. Moreover, the synchronizing circuit may be 
constituted in various other forms. For exampie. the 
output unit of the clock pulse generating circuit 
CPG may be provided with a gate circuit to control 
the output timing thereof. Or, the flip-flop circuit 
constituting the clock pulse generating circuit may 
be forcibly reset and may then be released in 
synchronism with the basic clock pulse CK1 or 
CK2. 

The foregoing description has chiefly dealt with 
the case where the invention accomplished by the 
present inventors is adapted to a 1-chip microcom- 
puter having the low-power-consumption mode in 
the field of art that serves as the background of the 
invention. The invention, however, is in no way 
limited thereto only but can be widely adapted to a 
variety of semiconductor integrated circuit devices 
that supply to the internal circuits in a switched 
manner a plurality of clock pulses having different 
oscillation frequencies asynchronously. 



Claims 

1. A semiconductor integrated circuit, in par- 
ticular a microcomputer, comprising: 

a first oscillation circuit (0SC1) for producing sig- 
nals of a first frequency; 

a second oscillation circuit (OSC2) for producing 
signals of a second frequency different from said 
first frequency; 

a clock generating circuit (CPG) for forming first 
clock signals or second clock signals based on the 
output signals of said first oscillation circuit {OSC1) 
cr the output signals of said second oscillation 
circuit {0SC2); 

data processing means (EXEC; CPU) whose opera- 
tion is controlled based on said clock signals; and 
control means (CONT) for controlling the output 
timing of said clock generating circuit (CPG); 
wherein said control means (CONT) has a period in 
which a constant level signal is produced from the 
completion of production of said first clock signal to 
the start of production of said second clock signal, 
and the timing for producing the second clock 
signal is controlled to be in synchronism with the 
signal produced by the second oscillation circuit 
(0SC2). 

2. The semiconductor integrated circuit accord- 
ing to claim 1. further comprising a timekeeping 
circuit (TIC; TM) the operation of which is con- 
trolled based on the output signals of said second 
oscillation circuit (0SC2) and which produces 
pulses for measuring the time, wherein said data 
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processing means (EXEC; CPU) executes the in- 
crement operation of time data based on said 
pulses for measuring the time. 

3. The semiconductor integrated circuit accord- 
5 ing to claim 2. wherein said increment operation is 

controlled based upon said second clock signals. 

4. The semiconductor integrated circuit accord- 
ing to claim 3. wherein the operation of said first 
oscillation circuit (OSCI) is stopped during the 

70 period of at least said second increment operation. 

5. The semiconductor integrated circuit accord- 
ing to any one of claims 1 to 4. wherein said 
control means (CONT) has at least one register for 
supplying control signals to said control means. 

75 6. The semiconductor integrated circuit accord- 

ing to claim 5, wherein said register and said data 
processing means (EXEC; CPU) are coupled to- 
gether via an internal bus. and the data are written 
onto said register by said data processing means 

20 (EXEC; CPU). 

7. The semiconductor integrated circuit accord- 
ing to claim 6, wherein the output condition of said 
clock generating circuit (CPG) is designated to 
produce said first clock signals, to produce said 

25 second clock signals or not to produce clock sig- 
nals, depending upon the data in said register. 

8. The semiconductor integrated circuit accord- 
ing to any on© of claims 1 to 7. wherein said first 
oscillation circuit (0SC1) is coupled to a first exter- 

30 nal terminal for coupling a ceramic oscillator (1a; 
X1), the said second oscillation circuit (0SC2) is 
coupled to a second external terminal for coupling 
a quartz oscillator (1b; X2). 

9. The semiconductor integrated circuit accord- 
35 ing to any one of claims 1 to 8. which further 

comprises: 

a first frequency-dividing circuit (D1V1) for dividing 
the frequency of output signals of said first oscilla- 
tion circuit (0SC1 ); 

40 a second frequency-dividing circuit (DIV2) for divid- 
ing the frequency of output signals of said second 
oscillation circuit (0SC2); and 
a multiplexer (MPX) for selectively supplying the 
output signals of said first frequency-dividing circuit 

45 (DIV1 ) or the output signals of said second 
frequency-dividing circuit (D1V2) to said clock gen- 
erating circuit (CPG). 

10. The semiconductor integrated circuit ac- 
cording to any one of claims 1 to 9. wherein said 

so data processing means (EXEC: CPU) includes stor- 
age means for storing the time data, a micro ROM 
for storing instructions that designate said incre- 
ment operation, and an execution unit that is con- 
trolled by the micro ROM. 

55 11. The microcomputer according to any one 

of claims 1 to 10, 

wherein said data processing means includes a 
CPU whose operation is controlled based on said 
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clock signals: and 




wherein said control means (CONT) does not pro- 
duce a clock signal In the period fronn the comple- 
tion of production of said first clock signal to the 
start of production of said second clock signal. s 
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